INTRODUCTION
Soybean, being a source of protein and oil, is an important crop in Ethiopia. However, its production fluctuates mainly because of the use of environment-sensitive genotypes and fluctuating environmental conditions. High grain yield has been the main aim in soybean improvement and the soybean breeders are concentrating to improve the yield potential of soybean by developing new genotypes [1] . A crop genotype is considered to be the most favorable one if it has a high mean yield and a consistent performance when grow across diverse locations and years [2] . Plant breeders usually evaluate a series of genotypes across environments before a new improved genotype is released for production to farmers [3] . Therefore, indication of genotype(s) that perform consistently across environments should be emphasized [4] . In most of the genotype evaluation trials, genotype x environment (GE) interaction is observed as a common phenomenon [5] . The GE interaction complicates selection of truly superior genotypes in breeding and performance testing programs. Several statistical procedures can be used for measuring crop yield stability. These statistical methods can be divided into two major groups, univariate and multivariate stability parameters [6] . Among univariate procedures, the most popular and most widely used is the joint linear regression analysis as proposed by several [7] , [8] , [9] and [10] . The nature of yield stability in terms of statistical parameters should follow the confirmatory analysis of GE interaction. It has been demonstrated that relatively a linear relationship exists between phenotype and environment when the environment is measured by its effect on the genotype yield performance. Although there are some statistical and biological limitations in the linear regression model (Crossa [11] and Flores [12] ), it provides useful information when numbers of studied genotypes and test environments are relatively large.
The joint linear regression procedure provides conceptual model for genotypic stability and is simple in calculation and application [13] .This modeling provides two parameters of stability including the regression coefficient (linear sensitivity) and the deviation from linearity (non linear sensitivity (which use as the basis for understanding of the nature of GE interaction in multi-environment trial [14] . Also, the ability of the linear regression model for description of the observed variation could be determined using the coefficient of determination (R2) Pinthus [15] , which is computed by individual linear regression analysis. Therefore, the linear regression model provides useful estimates for yield stability parameters when there are no extreme environments that bias regression slopes [16] . Another stability measures is the genotypic stability which is established on regression analysis since it uses the minimum slope from the conventional regression model. Since Zobel [17] yield stability was measured by the amount of the variance of a genotype across test environments. Wricke [18] proposed the use of ecovalence, the contribution of genotype a genotype to the GE interaction as a criterion of yield stability. Also, yield stability can be measured across all interaction effects, as devised by Shukla's [19] stability of variance (SV) and the environmental variances. Lin and Binns [20] defined the superiority Index (PI) as the genotype general superiority and defined it as the distance mean square between the genotype's response and the maximum response over locations. Some plant breeders indicated that the above mentioned stability parameters follow a static concept of stability. Peterson [21] reported that the concept of optimal genotype differ somewhat from the conventionally used to describe yield stability. For breeders, stability is important in terms of changing ranks of genotypes across test environments and influences selection efficiency during improvement programs. For farmers, high yielding characteristics of genotypes is very important, regardless of changing genotypes' ranks. However, the genotypes yield usually reacts to favorable or unfavorable environmental conditions. A genotype is therefore considered to be stable if its contribution to the GE interaction is low. The objective of this study was to determine the stability of grain yield in different soybean genotypes with various univariate parametric stability models and to identify soybean genotypes that have both high mean yield and stable yield performance for North West Ethiopian areas.
MATERIAL AND METHODS

Planting Materials and Testing Locations
Nineteen soybean genotypes were tested in years (2012-2013, 2013-2014 and 2015-2016) at four different locations Asossa, Dibate, Mankush and Pawe. The locations are representatives of the low land of the country were soybean is widely cultivated as major rotation crop with cereals. Each year at each location was considered as a separate environment, making four test environments for the study. The descriptions of the four test locations and the nineteen test cultivars are given in table1 and 2, respectively. 
Experimental Layout and Design
The treatments were laid out in randomized complete block design with four replications. Each plot was four rows and 5m long with spacing of 40 cm between rows. Fertilizer was applied to each plot at the rate of 100 kg diammonium phosphate at planting. Other agronomic practices were kept as none experimental variables and applied uniformly to the entire experimental area. For data analysis, grain yield measured from net plot of 4m 2 was converted into kg/ha at 10% standard grain moisture content.
Data Analysis
The statistics used to assess the stability and adaptability of genotypic mean yield was genotype mean square across test environments or environmental variance (EV). Coefficient of variation (CV) for each genotype as used by Francis and Kannenberg [22] , the genotypic ecovalence as proposed by Wricke [18] , the GEI variance or stability variance as suggested by Shukla [19] ), Genotypic stability (GS) of Hanson [23] , Superiority Index (PI) measure and its mean squares of GE (MSGE) as used by Lin and Binns [20] , Conventional linear regression coefficient as suggested by Finlay and Wilkinson [7] , deviation from conventional regression mean square [8] , Coefficient of determination for conventional linear regression model [15] , Adjusted linear regression coefficient and deviation as proposed by Perkins and Jink [9] , independent linear regression coefficient and deviation suggested by Freeman and Perkins [10] , and the regression model of Tai [24] which uses alpha and lambda measures. A comprehensive SAS based program has become available, which calculates the most parametric stability statistics [27] which is used to calculate stability statistics.
RESULT
Combined analysis of variance was performed to determine the effects of environment, genotype and GEI on grain yield of soybean genotypes regarding to result of Bartlett's homogeneity test. The main effects of genotype and environments were highly significant (p<0.01), and the GEI was also highly significant (p>0.01) ( Table 3) . The high significance of GEIs for grain yield of 19 soybean genotypes tested across four locations during three years is indicating the studied genotypes exhibited both crossover and non-crossover types of genotype by environment interactions. Complexity of grain yield as a quantitative trait is a result of diverse processes that occur during development. The larger degrees of genotype by environment interaction cause to the more dissimilar the genetic system controlling the physiological processes confirming adaptation to the different environments. The relative contribution of genotype by environment interaction effects for grain yield found in this study are similar to those found in other crop adaptation studies in rain fed environments [28] [32] . Therefore, genotype by environment interaction that makes it difficult to select the best performing and most stable genotypes is an important consideration in plant breeding programs [29] .
According to environmental variance [20] and coefficient of variation (CV) which represent Type I stability concept (Table 4) , Genotypes G10 and G18 were the most stable genotypes (Table 4) . Both of these stable genotypes had low mean yield and so static concept of stability. Traditionally, the term stability is used to characterize a genotype which indicates a relatively constant yield performance, independent environmental variations. This concept may be considered as static concept of stability [2] . In contrast, a genotype showing a constant yield in all environments does not necessarily respond to improved growing conditions and usually the most stable genotypes based on this idea had low mean yield. Genotypes G10, G18 and G19 were the most stable genotypes based on the ecovalance [18] , genotypic stability [28] and the stability variance [19] which genotype G19 had relatively high mean yield (Table 4 ). The stability concept nature of W and GS stability statistics were as the same of static concept of stability. 
Mean yield (MY), environmental variance (EV), Coefficient of variance (CV), Ecovalance (W), Stability variance (SV), genotypic stability (GS), Priority index (PI) and Mean squares of genotype by environment interaction (MSGE).
According to superiority index (PI) measure, genotypes G8, G14 and G15 were the most stable genotypes while based on mean squares of GE (MSGE) of PI, G1, G16 and G17 were the most stable genotypes (Table 4) . Considering PI and MSGE simultaneously G10, G17 and G12 were the most stable genotypes. It is interesting that genotypes G17 had relatively high mean yield and so could be regarded as the most favorable genotype. The stability procedure of Lin and Binns [20] reflects type IV stability concept which is distinct from static or dynamic concept of stability [30] . The static type of stability is not acceptable to most plant breeders, who could prefer a dynamic concept of stability [2] . In this type of stability, it is not need that the genotypic response to environmental variations should be equal for all studied genotypes [12] . According to conventional linear regression coefficient [7] , Genotypes G1, G7 and G16 were the most stable genotypes while based on deviation from conventional regression mean square [8] , genotypes G10, G18 and G15 had the lowest amounts and where the most stable genotypes (Table 5) . Also most of the studied genotypes had the high coefficient of determination for conventional linear regression model [15] and therefore the linear regression model could describe GEI as well as possible. Considering FW, ER, R2 and mean yield simultaneously genotypes G13 and G17 were the most favorable genotypes. According to adjusted linear regression coefficient [9] , Genotypes G1, G7 and G16 were the most stable genotypes while based on deviation from this regression mean square, genotypes G10, G5 and G14 had the lowest amounts and were the most stable genotypes (Table 5 ). Considering adjusted linear regression parameters and mean yield simultaneously genotypes G7 and G16 were the most favorable genotypes.
According to slopes of independent linear regression coefficient [10] , genotypes G6, G7 and G16 were the most stable genotypes while based on its deviation from regression mean square, genotypes G5, G8 and G15the lowest amounts and were the most stable genotypes (Table 5 ). Considering both regression coefficient and deviation mean square simultaneously, genotypes G7, G15 and G16 were the most stable genotypes. It is interesting genotypes G7 and G16 had relatively high mean yield and so it seems that this regression model could identified high mean yield performance genotypes as the most stable ones. According to Tai's [24] regression coefficient (Alpha), genotypes G7, G18 and G16 were the most stable genotypes while based on its deviation from regression mean square (Lambda), genotypes G10, G14 and G16 with the lowest amounts, were the most stable genotypes (Table 5) .
Simultaneous regarding Alpha and Lambda, genotypes G10, G18 and G16 were the most stable genotypes. Among these stable genotypes, only G16 had the high mean yield. 
DISCUSSION
In this study several regression models are used for interpreting GEI. For using regression slopes as stability parameters, regression model need that heterogeneity for genotype regressions account relatively a high portion of the GEI variations [25] . Also, the most favorable genotype is the one that combines both high mean yield and stability performance together and so it is acceptable over a wide range of environmental conditions [26] . This idea for identifying favorable genotypes reflects dynamic concept of stability. Adie [31] reported that the regression coefficients of the most of the regression models benefits from dynamic concepts of stability and could be useful for detecting the most stable genotypes. Anyhow, each statistic reflects different aspects of yield stability concepts and no single method can adequately explain genotype performance across different environments [12] [31]. Therefore it seems that the reliable decision about GEI and effective selection of favorable genotypes, it is better multi-environment trails dataset is evaluated through different aspects of stability concepts.
To better show associations among genotypes based on different stability statistics, the two-way dataset of genotypes was analyzed further using a clustering procedure. The Ward's hierarchical clustering procedure indicated that the nineteen soybean genotypes could be classified into three major groups (Table 6 ). Cluster I include genotypes G1, G9, G3, G2, G15, G7, G4, G13, G8, G5, G6, G17,G12, G16 and 14 which were moderate or low mean yielding genotypes and low or moderate stability characteristics. Cluster II include genotypes G10, G18 and G19 which have low mean yielding and high stability characteristics. Cluster III have solitary genotype G11 which have high mean yielding genotype and low stability characteristics. Regarding almost the most of the stability statistics results as well as mean yield, genotypes G10, G18 and G19 could be introduced as the most favorable genotypes. Yield stability should be considered as an important aspect of multi-environment trails and so plant breeders need some stability statistics which provide a reliable measure of yield stability. Anyhow for a successful breeding program or new genotypes evaluation trials, both stability and yield must be regarded simultaneously. Kang and Pham (1991) discussed several methods of simultaneous selection for yield and stability and relationships among them. This consideration may be reflects static or dynamic nature of different stability statistics. Also it is possible the crop nature or genetically differences among studied genotypes cause to various conclusions. However, our clustering results indicated there are three distinct groups based on stability performance and mean yield properties. Adie [13] evaluated the usefulness of several stability statistics for simultaneously selecting for high yield and stability of performance and reported relatively similar results. Each of the stability methods produced a unique genotype ranking and to better understand the relationships among these methods, a principal component analysis (PCA) based on the rank correlation matrix was performed. The first two principal components explained 68.77% (47.1% and 21.67% by PC1 and PC2, respectively) of the variance of the original variables. The relationships among the stability statistics were graphically displayed in a plot of PC1 and PC2 (Table 7) . In this plot, the PC1 axis mainly distinguishes the methods of FW (coefficient of conventional linear regression of Finlay and Wilkinson [7] , FP (Coefficient of independent linear regression of Freeman and Perkins [10] ) and MSGE (mean squares of GE of Superiority Index measure of Lin and Binns [20] ) from the other methods which mean yield (MY) also is grouped near these statistics, and I refer to these as class 1 (C1) stability statistics versus the other remained stability statistics as Class 2 (C2). It could be concluded that the studied stability statistics are classified into two major groups which reflects dynamic versus static stability concepts. Therefore, it seems that considering high amounts of coefficient of determination of regression model in this investigation, the coefficient of linear regression models were suitable for interpretation GEI.
The following findings can be summarized from the present investigation: (1) genotypes G10 and G18 were found to be the most stable genotypes and (2) the linear regression model and its slope as stability statistics was found to be useful in detecting the phenotypic stability of the studied genotypes when the coefficient of determination are high; and (3)the significant GEIs and the changes in ranks of genotypes across environments suggest a breeding strategy of specially adapted genotypes in homogeneously grouped environments.
